A novel bacterial strain S36 T was isolated from the deep-sea sediment collected from Pacmanus hydrothermal field, Manus Basin. The strain was Gram-stain-positive, aerobic, rod-shaped, endospore-forming, and motile. It was able to grow at 16-50 C, pH 6.0-10.0, and in the presence of 0-11 % (w/v) NaCl. Phylogenetic analysis based on 16S rRNA gene sequence indicated that strain S36 T was a member of genus Bacillus and shares the highest sequence identity with Bacillus herbersteinensis D-1,5a T (97.0 %). The value of DNA-DNA hybridization between strain S36 T and B. herbersteinensis D-1,5a T was 22.8 %. The cell wall diagnostic diamino acid of strain S36 T was meso-diaminopimelic acid and the polar lipid profile of strain S36 T contained diphosphatidylglycerol, phosphatidylglycerol, and phosphatidylethanolamine. The predominant respiratory quinine was MK-7. The major cellular fatty acids were iso-C 15 : 0 and anteiso-C 15 : 0 . The genomic DNA G+C content of strain S36 T was 43.0 mol%. On the basis of phylogenetic analysis, DNA-DNA hybridization, and phenotypic characteristics, it was concluded that strain S36 T represents a novel species of the genus Bacillus, for which the name Bacillus iocasae sp. nov. was proposed. The type strain is S36 T
The genus Bacillus belongs to the family Bacillaceae in the phylum Firmicutes. It contains at least five phylogenetically distinct groups based on 16S rRNA gene sequence analysis [1, 2] . Many species have been reclassified into novel genera, however, the genus Bacillus remains one of the largest genera in the bacterial kingdom [3] . It currently comprises more than 300 species, and the numbers continue to increase with the isolation of novel species [3] . Species of the genus Bacillus are ubiquitously distributed in nature and represent a metabolically and ecologically diverse group [4, 5] . Members of this genus are obligately aerobic or facultatively anaerobic and produce endospores. In recent years, many novel species of Bacillus have been isolated from marine environments including deep-sea sediments [3, 4, [6] [7] [8] [9] [10] , and some of these species may be moderately thermotolerant, halotolerant and alkaliphilic. In the present report, we isolated an endospore-forming bacterium, designated S36 T , from the deep-sea sediment in the Pacmanus hydrothermal field of Manus Basin. The taxonomic position of this strain was determined using physiological tests and phylogenetic analysis based on 16S rRNA gene sequences.
Strain S36 T was isolated from the marine sediment sample collected in Pacmanus hydrothermal field (151 40¢37.970¢¢E, 3 44¢03.222¢¢S) at a depth of 1851 m. Bacterial isolation was conducted according to the method of Sun and Sun [11] . After primary isolation and purification in marine 2216E agar (MA, pH 7.5) at 28 C, the strain was cultured in the same medium or in marine 2216E broth (MB, pH 7.5) and stored as glycerol suspensions (20 %, v/v) at -80 C. The genomic DNA was extracted from the strain using a Tiangen DNA Kit. The 16S rRNA gene was amplified using universal primers 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-GGTTACCTTGTTACGACTT-3¢) [12] and sequenced. The Ezbiocloud server was used to identify the phylogenetic neighbors and calculate the 16S rRNA gene sequence similarities (http://www.ezbiocloud.net/; [13] ). The related 16S rRNA sequences were obtained from Gen-Bank (https://www.ncbi.nlm.nih.gov/). Multiple sequence alignments were completed with the CLUSTAL_X program [14] . Phylogenetic trees were constructed using the methods of neighbour-joining (NJ) [15] , maximum likelihood (ML) [16] , and minimum evolution (ME) [17] in the MEGA 6.0 program [18] , with the bootstrap value on 1000 replications [19] . Evolutionary distances were determined with Kimura's two-parameter mode in a pairwise deletion manner [20] .
An almost-complete 16S rRNA gene sequence of S36 T was determined (1510 nucleotides). Ezbiocloud search analysis revealed that strain S36 T was most closely related to the IP: 54.70.40.11
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Bacillus megaterium NBRC 15308 T (JJMH01000057) members of genus Bacillus, with the highest sequence identity being observed with Bacillus herbersteinensis D-1,5a T (97.0 %). The sequence identities between S36 T and other members of the genus Bacillus varied from 95.9 % to 96.8 %. Using different algorithms (NJ, ML and ME) strain S36 T was consistently located in the genus Bacillus and clustered together with its closely related strain B. herbersteinensis D-1,5a T (Figs 1, S1 and S2, available in the online Supplementary Material).
The G+C content of the DNA was determined with HPLC [21] . The taxonomic relationships between strain S36 T and its closest phylogenetic neighbors were examined by DNA-DNA hybridization as reported previously [22, 23] .
The genomic G+C content of the DNA of strain S36 T was 43.0 mol%, which is within the range (37.0-44.9 mol%) described for the genus Bacillus [24] . The level of DNA-DNA relatedness between strain S36 T and its closet relative B. herbersteinensis D-1,5a T was 22.8 %, well below the 70 % cut-off threshold value recommended for definition of a bacterial species [25] . Therefore, strain S36 T represents a novel species within the genus Bacillus.
All morphological and physiological tests for strain S36 T were performed at 28 C. Cell morphology was examined with a transmission electron microscope (TEM) or a light microscope. For TEM, bacteria were cultured in MA medium for 2-3 days. Cells of strain S36 T were negatively stained with 1 % (w/v) phosphotungstic acid and observed with a TEM [11] . To enhance sporulation, cells were grown for 2-3 days on MA containing 5 mg MnSO 4 l À1 . Spores were stained with carbol fuchsin using a Spore Staining Kit according to the instruction of the manufacturer, and observed at 1000Â magnification with a microscope (Zeiss). The Gram reaction was carried out using the non-staining method [26] and the staining method, the latter was performed with cells from overnight culture (~16 h) using a Gram Staining Kit according to the instruction of the manufacturer. Cell motility was examined on MA medium (0.3 % agar, w/v) for a week. The temperature range and optimum for growth were tested at 4 and 55 C on MA for 30 and 3 days, respectively, and at 16, 22, 28, 33, 38, 44 and 50 C in MB for 72 h. Growth at various NaCl concentrations (0-15 %, w/v with 1 % intervals) was determined in MB prepared with artificial sea-water without NaCl [27] . The pH range for growth in MB was determined for 3 days at pH 4 to 12 (at intervals of 1 pH unit); the pH was adjusted with citric acid/sodium citrate (pH 4-7), Tris/NaOH (pH 8-10), and NaOH (pH [11] [12] . To test for anaerobic growth, the plates of strain S36 T were incubated at 28 C for 7 days in a sealed container with an AnaeroPack-Anaero sachet (Mitsubishi Gas Chemical Company). Sole carbon source utilization was determined with GP2 microplates (BIOLOG). Oxidase activity was determined using API oxidase reagent (bioM erieux). Catalase activity was tested by suspending bacteria in 3 % (v/v) H 2 O 2 solution and then observing for bubble formation. Hydrolysis of starch (0.2 %, w/v) and Tweens 20, 40, 60, and 80 (final concentration of 1 %, v/v) were assessed on MA medium. Nitrate reduction, indole production, and urease and gelatinase activities were tested using the API 20NE system (bioM erieux) according to the instructions of the manufacturer. Voges-Proskauer reaction was tested using API 20E (bioM erieux). Acid production from carbohydrates was determined with API 50CHB system (bioM erieux). Other biochemical tests were performed with API 20NE and ZYM systems (bioM erieux). All API tests for the reference strain B. herbersteinensis D-1,5a T were simultaneously performed under the same conditions. Strain S36 T was aerobic, motile, and Gram-stain-positive. The cells were rod-shaped (2.9-4.5 µmÂ0.7-1.0 µm) with peritrichous flagella (Fig. 2) . The cells produced endospores, which were oval, cylindrical or round, and located centrally in unswollen sporangia (Fig. 3) . The spores were centrally located compared to the terminal positioned spores observed in B. herbersteinensis D-1,5a T [28] . Growth of strain S36 T occurred at 16-50 C, pH 6-10, and in the presence of 0-11 % (w/v) NaCl, with optimum growth occurring at 28 C, pH 8, and with 7 % (w/v) NaCl. Strain S36 T could grow in a wider range of temperature and salt concentrations than that of B. herbersteinensis D-1,5a T [28] . Positive for catalase and amylase activity and Tween 80 hydrolysis, but negative for oxidase, hydrolysis of Tweens 20, 40 and 60, and Voges-Proskauer reaction. Other phenotypic characteristic analysis showed the differences between strain S36 T and the reference type stain D-1,5a T (Table 1 and Fig. S3 ).
For the analysis of the diagnostic peptidoglycan diamino acid, the quinone system and polar lipids, bacteria were grown in MB at 28 C for 3 days. The diaminopimelic acid (DAP) isomer in the cell wall was determined using TLC as described by Schleifer [29] . Polar lipids were examined with two-dimensional TLC and identified as reported previously [30] . Isoprenoid quinones were extracted and analyzed with HPLC using a C 18 ODS column (5 µm, 250Â4.6 mm id) [30] . Preparation and analysis of fatty acid methyl esters were performed as described by Sasser [31] by using the Microbial Identification System (MIDI) and the Microbial Identification software package (Sherlock version 6.1; MIDI database, TSBA6). Table 1 . Differential characteristics of strain S36 T and the reference type strain Bacillus herbersteinensis D-1, 5a T All data are from this study except where indicated otherwise (*Wieser et al. [28] ). +, positive; (+), weakly positive; -, negative. All strains are negative for nitrate reduction, indole production, hydrolysis of Tweens 20, 40 and 60, activities of acid phosphatase, alkaline phosphatase, agalactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-fucosidase, a-mannosidase, lipase (C14), trypsin and valine arylamidase, assimilation of capric acid, trisodium citrate and phenylacetic acid, and acid production from erythritol, arabinose, D-adonitol, dulcitol, inositol, arbutin, lactose and inulin. All strains are positive for activities of amylase, catalase, a-chymotrypsin, esterase (C4), eserase lipase (C8) and naphthol-AS-BI-phosphohydrolase, assimilation of Nacetyl-glucosamine and Maltose, and acid production from D-glucose, D-fructose, N-acetylglucosamine, aesculin/ferric citrate, cellobiose, maltose, sucrose, trehalose and starch. Cell morphology was observed after 3 days incubation of bacteria on marine agar plates at 28 C. The cell-wall diamino acid of strain S36 T was meso-diaminopimelic acid, which is common to a large majority of Bacillus members [32] . The polar lipids consisted predominately of diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), and phosphatidylethanolamine (PE) (Fig. S4 ). This pattern of polar lipids is consistent with the data published previously for Bacillus species [33, 34] . The major respiratory quinone of strain S36 T was MK-7, which is consistent with that of B. herbersteinensis D-1,5a T [28] . The predominant fatty acids of strain S36 T were iso-C 15 : 0 (31.9 %), and anteiso-C 15 : 0 (17.0 %). Detailed fatty acid profile is given in Table 2 . Large amounts of iso-and anteisobranched fatty acids are typical of members of the genus Bacillus [35] . Strain S36 T was similar to B. herbersteinensis D-1,5a T in the production of major fatty acids but differed in that B. herbersteinensis D-1,5a T produced compounds present in summed feature (C 16 : 1 !7c and/or C 16 : 1 !6c) ( Table 2 ).
On the basis of phylogenetic analysis, DNA-DNA relatedness, phenotypic characteristics, and fatty acid composition, the marine strain S36 T was considered to represent a novel species, for which the name Bacillus iocasae sp. nov. was proposed.
DESCRIPTION OF BACILLUS IOCASAE SP. NOV.
Bacillus iocasae (i.o.ca¢sae. N.L. fem. gen. n. iocasae name arbitrarily formed from IOCAS, the acronym for Institute of Oceanology, Chinese Academy of Sciences, where the study on strain S36 T was carried out).
Cells are Gram-stain-positive, aerobic, motile, endosporeforming rods. The cells produce oval to round endospores located centrally in unswollen sporangia. Colonies are circular (1-3 mm in diameter), beige, opaque, and flat after incubation on MA at 28 C for 3 days. Older colonies have irregular margins. It grows between 16 and 50 C, pH 6-10, and in the presence of 0-11 % (w/v) NaCl, with optimum growth occurring at 28 C, pH 8, and with 7 % (w/v) NaCl. It is positive for hydrolysis of starch, Tween 80, and gelatin, and negative for nitrate reduction, indole production, glucose fermentation, and urease. Enzymatic reactions are positive for esterase (C4), esterase lipase (C8), leucine arylamidase, cystine arylamidase, chymotrypsin, naphthol-AS-BI-phosphohydrolase, b-galactosidase, and a-glucosidase, but negative for alkaline phosphatase, lipase (C14), valine arylamidase, trypsin, acid phosphatase, a-galactosidase, bglucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase, and a-fucosidase. Glucose, N-acetylglucosamine, and maltose are assimilated, whereas arabinose, mannose, mannitol, and trisodium citrate are not assimilated. Acid is produced from D-ribose (weak), D-glucose, D-fructose, N-acetylglucosamine, aesculin/ferric citrate, cellobiose, maltose, sucrose, trehalose, melezitose (weak), raffinose (weak), starch, and glycogen, but not from erythritol, 
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